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POWER SUPPLY APPARATUS, PROCESSING
APPARATUS, AND INFORMATION
PROCESSING SYSTEM

CROSS-REFERENCE TO RELAT
APPLICATION

s
w

This application 1s based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2012-

169297, filed on Jul. 31 2012, the entire contents of which are
incorporated herein by reference.

FIELD

The present invention relates to a power supply apparatus,
a processing apparatus, and an information processing sSys-
tem.

BACKGROUND

An mformation processing system including a plurality of
power supply units 1s short of power and therefore may be
down 11 only one power supply unit 1s 1n a faulty state, when
the information processing system 1s operated by N (N 1s an
integer of 2 or more) power supply units that are required 1n
terms of a design of the system. Therefore, 1n the related art,
in order to avoid the system down, there 1s a case in which the
power supply unit 1s operated 1n an N+1 redundant configu-
ration.

Further, in the information processing system including the
N power supply units, a technique has known that the system
saves power using a fault signal of the faulty power supply
unit, 1n order to continue to operate the system, even when one
power supply unit 1s faulty (see, for example, Patent Litera-
ture 1 or 2).

FIG. 6 1s a diagram for describing an example of power
supply control processing 1n an information processing sys-
tem 100. As illustrated 1n FIG. 6, the information processing,
system 100 includes plural, for example, two power supply
units 200-1 and 200-2 (heremnafter, simply referred to as
power supply unit 200 when there 1s no need to differentiate
the power supply units 200-1 and 200-2) and a load unit 300.

Each power supply unit 200 includes a voltage conversion
circuit 210, an output capacitor 220, a fault signal sending
circuit 240, and an abnormal detection circuit 241.

The voltage conversion circuit 210 converts input voltage
of AC 200V from AC (L) and AC (N) 1nto predetermined
output voltage (DC voltage of DC+12 V) and supplies power
to the load unit 300 via power lines 110 and 120. The output
capacitor 220 stabilizes and outputs the output voltage con-
verted by the voltage conversion circuit 210. The abnormal
detection circuit 241 detects the abnormality (for example,
the abnormality of the output voltage or the abnormality of
temperature) of the power supply unit 200. The fault signal
sending circuit 240 sends the fault signal to the load unit 300,
and the like, via a control line 130-1, 130-2, 140-1 or 140-2
when the abnormality of the power supply unit 200 1s detected
by the abnormal detection circuit 241.

The load unit 300 1s operated using power supplied from
the power supply unit 200 and 1ncludes a power reduction
signal sending circuit 310 and a processing unit 320 including
a central processing unit (CPU), a memory, an mput output
(I0) device, and the like. When receiving the fault signal from
the power supply unit 200, the power reduction signal sending,
circuit 310 instructs the processing unit 320 via a control line
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2

150 to reduce power consumption. When receiving the power
reduction mstruction, the processing unit 320 performs power
saving.

Hereinafiter, a detailed example will be described with ret-
erence to FIG. 6. As an example, when the load of the system
1s maximum, the load current of the system (load unit 300) 1s
140 A and when the power supply units 200-1 and 200-2 are
normally operated, the power supply units 200-1 and 200-2
cach output the output current of 70 A.

In FIG. 6, for example, when the power supply unit 200-2
1s faulty, the output current of the power supply unit 200-2 1s
changed from 70 A to 0 A (see (1) 1n FIG. 6) and the power
supply unit 200-2 sends the fault signal to the load unit 300
(see (1) 1n FI1G. 6). The power reduction signal sending circuit
310 of the load unit 300 receives the fault signal from the
power supply unit 200-2 and instructs the processing unit 320
to reduce power (see (111) 1n FIG. 6). The processing unit 320
receives the power reduction instruction to reduce, for
example, an operating frequency (see (iv) i FIG. 6) and
suppresses the load current of the system to the supply current
70 A of the power supply unit 200-1 (see (v) in FIG. 6).
Therefore, even when the power supply unit 200-2 1s faulty,
the system may be operated with the supply current 70 A of
the power supply unit 200-1, such that the system may not be
short of power and may be continuously operated. Further, the
output current of the power supply unit 200-1 1s increased
from 70 A to 140 A, but the load current of the load unit 300
1s reduced to 70 A, according to the fault of the power supply
unit 200-2, such that the power supply unit 200-1 may con-
tinuously output 70 A (see (v1) in FIG. 6).
|Patent Literature 1] Japanese Laid-open Patent Publication
No. 11-338555
|Patent Literature 2] Japanese Laid-open Patent Publication
No. 11-18295
|Patent Literature 3] Japanese Laid-Open Patent Publication
No. 2001-352750
|Patent Literature 4] Japanese Laid-Open Patent Publication
No. 5-181430

As described above, the information processing system 1n
which the power supply unit has an N+1 redundant configu-
ration includes a power supply unit of required numbers (N
numbers) or more, which leads to an increase in cost.

Further, 1n the example 1llustrated 1n FIG. 6, the informa-
tion processing system 100 including two (N) power supply
units uses the fault signal from the power supply unit 200 so
as to allow the load unit 300 to uniformly perform the power
saving. For this reason, even 1n the state 1n which the system
may be operated with the supply power of one (N-1) power
supply unit, such as the state in which the number of empty
slots of the IO 1s increased and thus the load power of the
system 1s extremely small, and the like, when the fault of one
power supply unit 200-2 1s detected by the system, the pro-
cessing unit 320 carries out the unnecessary power saving. In
addition, since the power saving 1s continued until the faulty
power supply unit 200-2 1s exchanged with the normal power
supply unit 200, the performance of the system 1s continu-
ously reduced.

SUMMARY

According to an aspect of the embodiments, a power sup-
ply apparatus includes a plurality of power supply units that
supply power, and each of the power supply units includes: a
voltage conversion circuit that converts input voltage into
output voltage within a predetermined voltage range; an out-
put capacitor that outputs supply power while accumulating
charges according to the voltage converted by the voltage
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conversion circuit; and an overload detection circuit that
detects an overload of the output capacitor and when the
overload 1s detected, notifies an apparatus operated using the
power supplied from the power supply apparatus of an over-
load signal requesting a suppression of power consumption.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the mvention.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram illustrating a configuration
example of an information processing system according to an
embodiment of the present invention;

FI1G. 2 1s a block diagram 1llustrating a detailed configura-
tion example of the information processing system illustrated
in FIG. 1;

FI1G. 3 1s aflowchart for describing an operation example of
the information processing system illustrated in FIG. 2;

FIG. 4 1s a diagram for describing an example of power
supply control processing in the information processing sys-
tem 1llustrated in FIG. 2;

FIG. 5 1s a time chart for describing an example of the
power supply control processing in the information process-
ing system 1illustrated in FIG. 4; and

FIG. 6 1s a diagram for describing an example of a power

supply control processing in the information processing sys-
tem.

DESCRIPTION OF EMBODIMENTS

Hereinatiter, embodiments of the present invention will be
described with reference to the accompanying drawings.

[1] Embodiment

[1-1] Description of Information Processing System

FIG. 1 1s a block diagram illustrating a configuration
example of an information processing system 1 according to
an embodiment of the present invention and FIG. 2 1s a block
diagram 1llustrating a detailed configuration example of the
information processing system 1 1llustrated 1in FIG. 1.

As 1llustrated 1n FI1G. 1, the information processing system
1 includes a power supply apparatus 2 including a plurality of
(for example, N) power supply units 20-1 to 20-N that supply
power, and a load unit 3 that 1s operated using power supplied
from the power supply apparatus 2.

The power supply units 20-1 to 20-N (N 1s an integer of 2
or more; hereinafter, simply referred to as apower supply unit
20 when the power supply units 20-1 to 20-N are not differ-
entiated) each supply power to the load unit 3 via a power
supply line 10 (power supply lines 11 and 12 to be described
below). Hereinafter, the detailed configurations of the power
supply unit 20 and the load umt 3 will be described with
reference to FIG. 2. Note that, FIG. 2 illustrates the case in
which the number (N) of power supply units 20 used in
consideration of a design of the system 1s 2. In addition, each
power supply unit 20 has the same configuration, but in FIG.
2, for simplification of drawings, the configuration of the
power supply unit 20-2 1s not 1llustrated.

The power supply unit 20 includes a voltage conversion
circuit 21, an output capacitor 22, an overload detection cir-
cuit 23, and a fault detection circuit 24.
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4

The voltage conversion circuit 21 converts input voltage
into output voltage within a predetermined voltage range. The
output voltage converted by the voltage conversion circuit 21
1s supplied to the load unit 3 via the power lines 11 and 12
through the output capacitor 22. In the example illustrated in
FIG. 2, the voltage conversion circuit 21 outputs AC voltage
input from terminals of AC (L) and AC (N) into DC voltage
within a predetermined voltage range and outputs the DC
voltage from terminals of DC (H) and DC (L).

Note that, current output from the voltage conversion cir-
cuit 21 includes bias (DC component) and a ripple component
of current output from a power supply unit #0.

The output capacitor 22 stabilizes the output voltage con-
verted by the voltage conversion circuit 21. In addition, the
output capacitor 22 accumulates charges according to voltage
converted by the voltage conversion circuit 21 and outputs
supply power to the load unit 3.

In detail, the output capacitor 22 smoothes the ripple com-
ponent included 1n the output current from the voltage con-
version circuit 21 by charging and discharging and outputs
the output current as the bias from the power supply unit #0.
In addition, the output capacitor 22 supplies overload current
to the load unit 3 when the power supply unit 20 1s overloaded.
Note that, the overload current may not be supplied by the
voltage conversion circuit 21 having a slow response speed to
the overload of the power supply unit 20. Therefore, the
output capacitor 22 according to the present embodiment
supplies the overload current for the load unit 3 by charges
accumulated therein. Note that, 1n the example 1llustrated 1n
FIG. 2, the output capacitor 22 1s connected between the
terminals of the DC (H) and DC (L) of the voltage conversion
circuit 21 1n parallel.

The overload detection circuit 23 detects an overload of the
output capacitor 22. In addition, when detecting an overload,
the overload detection circuit 23 notifies the load unit 3 of an
overload signal requiring a suppression ol power consump-
tion as a signal indicating the overload of the power supply
unit 20.

In detail, the overload detection circuit 23 detects an over-
load when the output current from the power supply unit 20

exceeds a preset overload detection threshold value (prede-
termined threshold value). In addition, the overload detection
circuit 23 immediately notifies the load unit 3 of the overload
signal (overload detection signal) that 1s a trigger of power
saving at the load unit 3. Note that, the overload detection
circuit 23 may use output current I input from the load unit 3
via, for example, the power line 12 at the time of measuring
the output current from the power supply unit 20. Hereinaftter,
as 1llustrated 1n FI1G. 2, 1t will be described that the overload
detection circuit 23 detects the overload of the power supply
unit 20 based on the output current I from the load unit 3.

An example of the case in which the overload detection
circuit 23 detects the overload may include the case 1n which
the output current burdened by the remaining power supply
unmts 20 1s increased due to at least one faulty power supply
unmit 20 of the plurality of power supply units 20, and the like.
Note that, when the plurality of power supply units 20 have
the same performance (supply capability of the power supply,
and the like), the overload detection circuits 23 of these power
supply units 20 each detect an overload and send an overload
signal.

The overload signal 1s sent only when the power supply
unmt 20 (overload detection circuit 23) detects an overload.
Theretfore, even when one power supply unit 20 1s 1n a faulty
state, 1f the overload detection circuits 23 of the remaining
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normal power supply units 20 do not detect an overload, the
overload signal 1s not sent, such that the power saving may be
suppressed at the load unit 3.

Further, when the overload 1s not detected 1n the state 1n
which the overload 1s detected, the overload detection circuit
23 suppresses the notification of the overload signal.

As 1llustrated 1n FIG. 2, the overload detection circuit 23
includes a reference voltage source 23q, an output current
detection resistor 235, and a comparison circuit 23c.

The reference voltage source (voltage source) 23a 1s a
voltage source that outputs reference voltage Vref represent-
ing an overload detection threshold value. As the reference
voltage source 23a, a circuit, which generates constant volt-
age, such as the voltage conversion circuit 21 or a constant
voltage circuit that outputs constant voltage from another

power supply, may be used.

The output current detection resistor (resistor) 235 1s a
resistor element that has a resistance value R and generates
voltage Vi=IxR according to the output current I from the load
unit 3.

The comparison circuit 23c¢ 1s supplied with the reference
voltage Vref from the reference voltage source 23a and the
voltage V1 generated by the output current detection resistor
23b. Further, the comparison circuit 23¢ 1s configured so that
an internal comparator sends the overload signal when the
output current (the output current I from the load unit 3) from
the power supply unit 20 and the voltage Vi generated by the
resistance value R of the output current detection resistor 235
exceed the reference voltage Vrel. Note that, as the compari-
son circuit 23¢, a comparator, such as an OP AMP, a com-
parator, and the like, may be used.

The fault detection circuit 24 sends the fault signal repre-
senting that the fault occurs when the fault of the power
supply unit 20 1s detected and 1ncludes a fault signal sending
circuit 24a, an output overvoltage detection circuit 245, an
output low voltage detection circuit 24¢, and an overheat
detection circuit 244.

The output overvoltage detection circuit 245 detects the
output overvoltage and outputs an output overvoltage signal
to the fault signal sending circuit 24a when the voltage on the
power line 11 1s higher than a target voltage of the output
voltage from the power supply unit 20 or an overvoltage
detection threshold value set higher than the target voltage.
Further, the output low voltage detection circuit 24¢ detects
the output low voltage and outputs an output low voltage
signal to the fault signal sending circuit 24aq when the voltage
on the power line 11 1s lower than a target voltage or a low
voltage detection threshold value set lower than the target
voltage.

The overheat detection circuit 244 detects the overheat of
the power supply unit 20 and outputs an overheat signal to the
fault signal sending circuit 24a when a temperature sensor
(notillustrated) provided in the power supply unit 20 1s higher
than an overheat detection threshold value.

The fault signal sending circuit 24a sends the fault signal to
the load unit 3 or a monitoring apparatus of the information
processing system 1, and the like, via a control line 14-1 or
14-2 when receiving the signal indicating the abnormality of
the power supply unit 20 from at least one of the output
overvoltage detection circuit 2456, the output low voltage
detection circuit 24¢, and the overheat detection circuit 244.
Note that, it 1s preferable to notily a manager of the informa-
tion processing system 1 of the fault (display on an output
device such as a monitor (not illustrated), and the like), and
the like by the load unit 3 or the monitoring device notified
with a fault signal.
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The load unit (apparatus, processing apparatus) 3 is a load
in the information processing system 1 and includes a power
control circuit 31 and a processing unit 32.

The processing unit 32 1s operated using power supplied
from the power supply apparatus 2 and for example, serves as
a processor that allows the information processing system 1 to
execute various processing. An example of the processing
unit 32 may include a CPU, a memory deploying a program
executed by the CPU, and an 10 device including a disk
device holding program, data, and the like. Note that, the
processing unit 32 also includes a device operated using the
power supplied from the power supply apparatus 2 via the
processing unit 32 even when not being physically mounted
in the load unit 3, such as an 10 device of, for example, a
umversal serial bus (USB) bus power, and the like.

The power control circuit 31 1s a circuit that controls the
processing unit 32 to execute the power saving and when
receiving the overload signal from the power supply unit 20
(overload detection circuit 23), mstructs the processing unit
32 to reduce power consumption. The power control circuit
31 includes a timer circuit 31q and a power reduction signal
sending circuit 315.

When the overload signal 1s notified from at least one
power supply unit 20 of the plurality of power supply units 20,
the timer circuit 31a 1s a circuit that performs a time measure-
ment 1n a predetermined period.

Note that, the predetermined period 1s determined 1n
advance according to the characteristics of the output capaci-
tor 22. For example, 1t 1s preferable that the predetermined
period 1s a period for securing the time when the output
capacitor 22 charges the charges discharged as the overload
current. In this case, the timer circuit 31a 1s set with a prede-
termined period performing the time measurement, based on
the capacity of the output capacitor 22 and the output voltage
of the power control circuit 31.

The power reduction signal sending circuit 315 sends the
power reduction instruction (power reduction signal)
instructing the suppression (power saving) ol power con-
sumption to the processing unit 32, from the overload signal
1s notified until the timer circuit 31a expires. Note that, for
example, the power reduction signal 1s a signal instructing the
processing unit 32 to suppress power consumption of the
power supplied from one power supply unit 20.

In detail, when recerving the overload signal from the
power supply unit 20, the power reduction signal sending
circuit 315 nstructs the power reduction of one power supply
unit to the processing unit 32 via the control line 15. The
power reduction istruction (power reduction signal) con-
tinuously 1s sent for the constant time (predetermined time),
from the overload signal 1s received from the power supply
unit 20 by the power reduction signal sending circuit 315 until
the time measurement by the timer circuit 31a expires.

Note that, in the case 1n which the power supply apparatus
2 1ncludes three or more power supply unmts 20, when the
overload signal 1s notified from the plurality of remaining
power supply units 20 due to the fault of one power supply
umt 20, the power control circuit 31 1s operated as follows.
That 1s, the timer circuit 31a starts the time measurement for
a predetermined period when the overload signal 1s notified
for the first time and the power reduction signal sending
circuit 315 sends the power reduction signal to the processing
umt 32 until the overload signal 1s notified for the first time
and then the timer circuit 31a expires.

The processing unit 32 suppresses the power consumption
(executes the power saving) while the power reduction signal
1s input from the power reduction signal sending circuit 315.
Note that, the power saving means that the load power of the
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information processing system 1 is suppressed to equal to or
less than the power supplied from the power supply apparatus
2 (all the power supply units 20 that are being operated). An
example of the power saving of the processing unit 32 may
include the reduction 1n the operation frequency of the CPU,
the stopping or reduction of the supply power to the non-
active 10 device, and the like.

Note that, a time lag occurs until the load current 1s actually
reduced by the power saving by the processing unit 32. There-
fore, 1t 1s preferable to send the power reduction signal within
the predetermined period for which the timer circuit 31a
measures time and then have a margin including the time lag,
until the load current 1s reduced 1n the processing unit 32.

The processing unit 32 performs the suppression of power
consumption of the power supplied from one power supply
unit 20 1n the power saving when a part of the power supply
units 20 are faulty and the remaining power supply units 20
detect overload. That 1s, the processing unit 32 reduces the
power consumption to the power supplied by the N-1 remain-
ing power supply units, in the power saving. Therefore, even
when one power supply unit 20 is faulty, the processing unit
32 may be operated with the power supplied from the remain-
ing power supply units 20 by the power saving.

Note that, the processing unit 32 may receive the fault
signal from the fault detection circuit 24 of the faulty power
supply unit 20 to hold the number of faulty power supply units
20, the supply capability of power of the faulty power supply
unit 20, and the like, 1n the memory, and the like. Therefore,
the processing unit 32 may determine the suppressed power
consumption in the power saving based on the information of
the power supply unit 20 notifying the fault signal. For
example, when two or more power supply units 20 are faulty,
the processing unit 32 may perform the suppression of power
consumption of the power supplied from the two or more
taulty power supply units 20, 1n the power saving. That 1s, the
processing unit 32 may reduce power consumption to the
power supplied from the N-2 or less remaining power supply
units 20 1n the power saving.

As described above, when the power supply apparatus 2
may supply the power consumed 1n the load unit 3 by the
remaining power supply units 20 even when one power sup-
ply unit 20 1s faulty, the remaiming power supply units 20
(overload detection circuit 23) does not detect the overload.
Further, since the power control circuit 31 uses, as the over-
load signal, the trigger instructing the execution of the power
saving by the processing unit 32, when the overload signal 1s
not recerved from the remaining power supply units 20, the
power control circuit 31 does not output the power reduction
signal and the processing unit 32 does not execute the power
saving.

Theretfore, according to the information processing system
1 according to the present embodiment, even though a part of
the power supply units 20 are faulty, the remaining power
supply units 20 do not detect the overload, the system does not
execute the power saving and may keep the performance of
the system as high as possible.

However, as described above, the power supply unit 20
discharges the charges accumulated 1n the output capacitor 22
as the overload current when the overload 1s detected. There-
fore, when the overload 1s continuously detected, the charges
ol the output capacitor 22 1s reduced, and thus the overload
current lacks and the power supply unit 20 reduces the output
voltage. In this state, the power supply unit 20 cannot supply
the output voltage within a predetermined voltage range to the
load unit 3, and thereby the system may be down.

In connection with this, the power control circuit 31
according to the embodiment of the present invention
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instructs the power saving to the processing unit 32 when
receiving the overload signal from the power supply unit 20.
Theretore, the continuous overload may not be generated to
the power supply unit 20 by the power control circuit 31,
thereby reducing the possibility of the system down.

Note that, after the power reduction signal stops (that 1s,
alter the time measurement of the timer circuit 31a expires),
the power saving 1s released in the processing umit 32 and as
betore the power saving 1s executed, the increase in load
current 1s expected.

Therefore, according to the power control circuit 31
according to the present embodiment, the time when the
charges discharged from the output capacitor 22 are charged
in the output capacitor 22 1s secured in the predetermined
period for which the power reduction signal 1s transmitted.
Therefore, the power supply unit 20 may charge the output
capacitor 22 against the next expected overload 1n the power
saving ol the processing unit 32 performed for a predeter-
mined period. Therefore, even when the overload 1s detected
alter the power saving, the power supply unit 20 can reduce
the possibility of the system down, without being short of the
overload current from the output capacitor 22 and reducing
the output voltage.

As described above, according to the information process-
ing system 1 according to the present embodiment, when a
part of the power supply units 20 are faulty, and thus the
remaining power supply units 20 detect the overload, since
the power consumption of the load unit 3 1s reduced to the
power supplied from the N-1 remaining power supply units
(executes the power saving), the system may be continuously
operated. Further, since the power saving 1s executed as much
as the predetermined period securing the time when the out-
put capacitor 22 1s charged, the possibility of the system down
may be reduced to keep the performance of the system as high
as possible while continuously operating the system.

[1-2] Operation Example of Information Processing System

Next, the operation example of the information processing
system 1 configured as above will be described with reference
to FIGS. 3 to 5.

[1-2-1] Overall Operation Example

First, the overall operation example of the information
processing system 1 will be described with reference to FIG.
3. FIG. 3 1s a flowchart for describing the operation example
of the information processing system 1 1llustrated in FIG. 2.

As 1llustrated 1n FIG. 3, until the overload of the output
capacitor 22, which supplies power to the load unit 3, i1s
detected by the overload detection circuits 23 of each power
supply unit 20, the determination 1s made based on the output
current I from the load umt 3 (step S1 and No route of step
S1). When the overload 1s detected (Yes route of step S1), 1n
the power supply unit 20, the overload current to the load unit
3 1s supplied from the output capacitor 22 via the power line
11 (step S2). In addition, the overload signal 1s sent to the load
unit 3 via the control line 13-1 or 13-2 by the overload detec-
tion circuit 23 (step S3).

Next, when the overload signal 1s recerved by the power
control circuit 31, the power reduction instruction (voltage
reduction signal) 1s output to the processing unit 32 by the
power reduction signal sending circuit 315 (step S4) and the
power reduction instruction timer (time measurement within
the predetermined time) starts by the timer circuit 31a (step
S5). At this time, the power saving i1s executed by the pro-
cessing unit 32 that has received the power reduction mstruc-
tion.

In the power supply unit 20, the overload 1s removed by the
overload detection circuit 23 and the determination 1s made
until the sending of the overload signal 1s released (step S6,
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No route of step S6) and if the sending of the overload signal
1s released (Yes route of step S6), the sending of the overload
signal 1s released. When the overload 1s removed, the output
capacitor 22 1s charged by the voltage conversion circuit 21
(step S7).

Meanwhile, in the power control circuit 31, the time mea-
surement 1s made by the timer circuit 31a until the voltage
reduction instruction timer becomes an ending time (step S8,
No route of step S8). When the voltage reduction instruction
timer expires ( Yes route of step S8), the sending of the voltage
reduction 1nstruction to the processing umt 32 ends by the
power reduction signal sending circuit 315 (step S9) and the
process proceeds to step S1. Note that, in step S7, the charging,
of the output capacitor 22 1s performed until step S9 1is
executed.

As described above, 1n the information processing system
1, the processing of steps S1 to S9 1s repeatedly executed to
perform the power control.

[1-2-2] Specific Operation Example

Next, the detailed operation example of the mformation
processing system 1 will be described with reference to FIGS.
4 and 5. FIG. 4 1s a diagram for describing an example of the
power supply control processing in the mformation process-
ing system 1 1llustrated 1n FI1G. 2 and FIG. 5 1s a time chart for
describing an example of the power supply control processing
in the information processing system 1 illustrated in FIG. 4.
Note that, FIG. 4 1llustrates the case 1n which the number (N)
of power supply units 20 used in terms of the design of the
system 1s 2. In addition, for simplification of drawings, FIG.
4 does not illustrate a part of components. Note that, in FIGS.
4 and 5, the power supply units 20-1 and 20-2 are referred to
as power supply units #0 and #1, respectively.

Note that, 1n the example illustrated in FIG. 4, the voltage
conversion circuit 21 converts AC200V from the AC (L) and
the AC (N) mto DC voltage of DC+12 V. Further, the load
current of the system (load unit 3) 1s 140 A when the load of
the system 1s maximum and when being normally operated,
the power supply units 20-1 and 20-2 output the output cur-
rent of 70 A via the power line 11, respectively. In addition,
the reference voltage source 23a of the overload detection
circuit 23 1s set with the voltage of which the overload 1s
detected by the comparison circuit 23¢ when the output cur-
rentI1s 71 A as thereference voltage Vret that 1s the overload
detection threshold value. Therefore, when the two power
supply units 20 are normal, even though the load of the system
1s maximum, the load unit 3 does not detect the overload and
the power saving 1s not executed in the load umit 3 (see time t0
of FIG. 5).

Here, when the load of the system 1s maximum, 1f the
power supply unit #1 1s faulty, the output current of the power
supply unit #1 becomes from 70 A to 0 A and the output
current of the power supply unit #0 1s increased from 70 A to
140 A (see (I)and (II) of FIG. 4 and time t1 of FIG. 5). Further,
in the overload detection circuit 23 of the power supply unit
#0, the output current I 1s beyond 71 A and thus becomes
voltage Vi>reference voltage Vrel and the comparison circuit
23¢ detects the overload such that the overload signal
becomes “H” (valid) (see (III) of FIG. 4 and time (t1+11) of
FIG. § (after the lapse of 5 us from t1)).

Further, the power reduction signal sending circuit 315
receives the overload signal, and thus the power reduction
instruction to the processing unit 32 becomes “H” (see (IV) of
FIG. 4 and the time (t1+12) of FIG. 5 (after 10 us from t1
lapses)). The power reduction instruction is continuously
kept “H” for 10 ms (see period T4 of FIG. 5). Note that, the
pertod T4 1s a predetermined period for which the time 1s
measured by the timer circuit 31a.
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When recerving the power reduction instruction, the pro-
cessing unit 32 reduces the operating frequency (see (V) of
FIG. 4) and suppresses the load current to the supply current
70 A of the power supply unit #0 (see (V1) of F1G. 4 and time
t1+12 to time 2 of FIG. 5). Note that, by the power saving,
until the load current of the load unit 3 1s reduced to 70 A, the
power supply unit #1 1s faulty, and then the time lag of 40 us
occurs (see period T3 of FIG. 5) and the power reduction
instruction 1s sent and then the time lag of 30 us occurs.

Here, 1n the time (t1 to t2) of FI1G. 5, when the overload of
the power supply unit #0 1s detected, the output capacitor 22
adds and outputs the accumulated charges as the overload
current to the charging and discharging from the power con-
trol circuit 31. In the example illustrated 1n FIG. 5, the output
capacitor 22 outputs a current of about 60 A to 80 A 1n time t1
to t2. Note that, 1n FIG. 3, the charging 1n the output capacitor
22 1s represented as a current of “+”” and the discharging from
the output capacitor 22 1s represented as a current of “-".

Further, as described above, the overload current 1s not
supplied from the voltage conversion circuit 21 and thus 1s
supplied by the charges accumulated 1n the output capacitor
22. That 1s, in time t1 to t2 of FIG. 5, the output current from
the power supply unit #0 becomes the added current of the
output current 70 A from the voltage conversion circuit 21 and
60 A to 80 A that 1s the discharge current from the output
capacitor 22.

Note that, the output capacitor 22 generates the supply
power by alternately repeating the charging of charges and the
discharging of accumulated charges according to the output
voltage (ripple component) from the voltage conversion cir-
cuit 21. In the case 1 which the output capacitor 22 1s 1n a
normal state, the discharging time 1s equal to the charging
time (for example, see the time t1 to {2 of FIG. 5). In the time
t2 of F1G. 5, when the processing unit 32 carries out the power
saving, 1n the time 12 to t4 (during the predetermined period),
in connection with the charging and discharging current 1n
and from the output capacitor 22 from the voltage conversion
circuit 21, the charging time accumulating charges 1s longer
than the discharging time outputting the supply power and
charges are charged 1n the output capacitor 22.

In the time t4 of FIG. 5, when the timer circuit 31a expires
and the power reduction signal 1s “L”” (invalid), the processing
umt 32 ends the power saving. However, according to the
operation situations of the system, even after the power sav-
ing ends, there may be a case 1n which the load current does
not exceed 70 A.

However, the supply power of the power system (power
supply apparatus 2) 1s equal to or more than the load power of
the system and 1s designed 1n consideration of a margin. In
addition, the system (load unit 3) uses, about 70% of the rated
power of the power supply system (power supply apparatus 2)
as the load power. In addition, in the actual operation of the
information processing system 1, such as a server apparatus,
and the like, the case in which the option configuration of 10
or the like 1s fully mounted 1s rare, and the load power of the
system 1s reduced 1n an amount of the power consumption of
the configuration that 1s not mounted. Further, the case in
which the CPU 1s operated as the operating ratio of 100% at
all times may be rare and the CPU 1s generally operated at
about 30%.

In connection with the above aspect, the load unit 3 may
use the load power of about 30% to 70% of the rated power of
the power supply apparatus 2.

Therefore, for example, when the load of the system 1s
approximately middle, even though the power supply unit #1
1s faulty, 1f the load current of the system does not exceed the
overload detection threshold value 71 A of the power supply
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unit #0, the power supply unit 20 does not transmit the over-
load signal and the power reduction signal sending circuit 315
does not transmit the power reduction signal. Therefore, the
processing unit 32 does not carry out the power saving (see
time t4 to t6 of FIG. 5). 5

Meanwhile, 1n the time t6 of FIG. 5, when the load current
of the load unit 3 (processing unit 32) 1s increased, similar to
the time t1 to 12, the power supply unit #0 sets the overload
signal to “H” (see time t6+11) and the power reduction signal
sending circuit 315 sets the power reduction nstruction to 10
“H” (see the time t6+12). Further, 1n the time t7 to t8, the
charges from the output capacitor 22, which consumed in the
period T3 of the time t6 to t7, are charged.

As described above, according to the power supply appa-
ratus 2 according to the present embodiment, when the over- 15
load of the output capacitor 22 1s detected by the overload
detection circuit 23, the overload signal requesting the sup-
pression of power consumption 1s notified to the load unit 3.
Therefore, even though a part of the plurality of power supply
units 20 are faulty, when the load power of the system does not 20
exceed the supply power of the operating power supply unit
20 (when the overload i1s not detected), the request of the
power saving of the system 1s not carried out.

Comparing with the mformation processing system 100
illustrated 1n FIG. 6, the power reduction mnstruction of the 25
load unit 300 1s continuously sent until the faulty power
supply unit 200 1s exchanged with a normal power supply unit
200. In addition, the load power of the system in the actual
operation 1s operated as about 30 to 70% of the supply power
of the power supply unit 200. That 1s, according to the oper- 30
ating state of the system, the power saving 1s carried out by the
faulty of the power supply unit 200 even in the state 1n which
the power saving 1s unnecessary.

As described above, 1n the information processing system
100 1llustrated 1n FIG. 6, when the power supply unit 200 1s 35
faulty, the performance of the system 1s continuously
reduced. Theretfore, the information processing system 100 1s
an 1netficient control 1n terms of an actual operation as a
server apparatus.

In connection with this, 1n the power supply apparatus 2 40
according to the present embodiment, when the load power of
the system does not exceed the supply power of the operating
power supply unit 20, the request of the power saving 1s not
carried out. Therefore, the performance of the system 1s used
as valid as possible, such that the performance of the system 45
may be kept as high as possible.

Further, even though the faulty power units are not yet
exchanged (mounted) after a part of the power supply units 20
are faulty, when the overload is detected by the remaining
power supply unit 20, the power saving 1s requested to the 50
load unit 3. Accordingly, the remaining power supply unit 20
may not continuously generate the overload.

Further, according to the load unit 3 according to the
present embodiment, until the overload signal 1s notified by
the power reduction signal sending circuit 315, and then the 55
timer circuit 31a expires, the power reduction signal istruct-
ing the suppression of power consumption 1s sent to the
processing unit 32. Therefore, the time charging the charges
discharged by the output capacitor 22 may be secured for the
predetermined period for which the timer circuit 31a mea- 60
sures the time and the power supply umit 20 may be prepared
tor overload due to the increase in load current after the power
reduction signal ends. In addition, when the timer circuit 314
expires, the sending of the voltage reduction signal stops, and
therefore the execution of the power saving by the processing 65
unit 32 1s released. Therefore, the performance of the system
may be kept as high as possible.

12

Further, according to the information processing system 1
according to the present embodiment, the power supply unit
20 may be configured 1n N numbers, not being configured 1n
N+1 numbers of the related art having a redundancy configu-
ration and the number and the mounting area of power supply
units 20 may be reduced.

[2] Others

As described above, the preferred embodiments and modi-
fied examples of the present invention have been described,
but the present invention 1s not particularly limited to speci-
fled embodiments or modified examples, and the present
invention may be variously modified and changed without
departing from the gist of the present invention.

For example, each circuit of the foregoing power supply
unmit 20 may be separated or merged from or with any combi-
nations.

As an example, the function of sending the overload signal
to the load unit 3 by the overload detection circuit 23 (com-
parison circuit 23¢) may be included 1n the external circuit of
the overload detection circuit 23. That 1s, when the overload
detection circuit 23 detects the overload of the power supply
unit 20, a signal indicating that the overload 1s detected may
be sent to a circuit (notification circuit) (not illustrated) and
the notification circuit may send the overload signal to the
load unit 3.

According to the disclosed technology, 1n the system
including the plurality of power supply units, even though a
part of the power supply units are faulty, the performance of
the system may be kept as high as possible.

All examples and conditional language provided herein are
intended for pedagogical purposes to aid the reader 1n under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are not to be construed as
limitations to such specifically recited examples and condi-
tions, nor does the orgamization ol such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although one or more embodiment(s)
of the present invention have been described in detail, 1t
should be understood that the various changes, substitutions,
and alterations could be made hereto without departing from
the spirit and scope of the invention.

What 1s claimed 1s:
1. A power supply apparatus comprising a plurality of
power supply units that supply power, wherein each of the
power supply units includes:
a voltage conversion circuit that converts mnput voltage into
output voltage within a predetermined voltage range;

an output capacitor that outputs supply power while accu-
mulating charges according to the voltage converted by
the voltage conversion circuit; and

an overload detection circuit that detects an overload of the

output capacitor and when the overload 1s detected, noti-
fles a processing apparatus operated using the power
supplied from each of the plurality of power supply units
of an overload signal requesting a suppression of power
consumption of a load,

wherein the overload detection circuit notifies the process-

ing apparatus of the overload signal while output current
inputted from the processing apparatus to the overload
detection circuit exceeds a predetermined threshold
value, the output current being return current from the
processing apparatus to at least one of the plurality of
power supply units.

2. The power supply apparatus according to claim 1,
wherein the overload detection circuit includes:
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a voltage source that outputs reference voltage indicating

the predetermined threshold value;

a resistor that 1s applied voltage according to the output

current from the processing apparatus; and

a comparison circuit that receives the reference voltage and

the voltage applied to the resistor and outputs the over-
load signal when the voltage applied to the resistor
exceeds the reference voltage.

3. The power supply apparatus according to claim 1,
wherein after the overload detection circuit detects the over-
load and notifies the processing apparatus of the overload
signal, a time when the charges according to the voltage
converted by the voltage conversion circuit are accumulated
in the output capacitor 1s longer than a time when the supply
power 1s output, during a predetermined period 1n which the
power consumption of the processing apparatus 1s sup-
pressed.

4. The power supply apparatus according to claim 1,
wherein the overload detection circuit continuously notifies
the processing apparatus of the overload signal during the
detection of the overload and when the overload is not
detected, suppresses the notification of the overload signal.

5. A processing apparatus, comprising:

a processing unit; and

a power control circuit,

wherein the processing unit 1s operated using power sup-

plied from each of a plurality of power supply units that
supply power, the plurality of power supply units being
included in a power supply apparatus,

the power control circuit performs time measurement of a

predetermined period when an overload signal indicat-
ing an overload of a power supply unit 1s notified from at
least one power supply unit of the plurality of power
supply units,

the power control circuit sends a power reduction signal

mstructing a suppression of power consumption of a
load to the processing unit during an expiration of the
time measurement of the predetermined period after the
overload signal 1s notified, and

the overload signal 1s notified while output current inputted

from the processing apparatus to the at least one power
supply unit exceeds a predetermined threshold value, the
output current being return current from the processing
apparatus to at least one of the plurality of power supply
units.

6. The processing apparatus according to claim 3, wherein
the predetermined period 1s determined according to charac-
teristics ol an output capacitor being included in the power
supply unit and outputting the supply power from the power
supply unit while accumulating charges according to an input
voltage.

7. The processing apparatus according to claim 3, wherein
when the power reduction signal 1s sent,

the power reduction signal 1s continuously sent to the pro-

cessing unit during the expiration of the time measure-
ment of the predetermined period after the overload
signal 1s notified, and

the processing unit suppresses power consumption of the

load during an 1nput of the power reduction signal.

8. The processing apparatus according to claim 3, wherein

the power reduction signal 1s a signal 1nstructing a suppres-
s1on of power consumption of the load, an amount of the
suppression corresponding to the power supplied from a
faulty power supply unit to the processing unit, and

10

15

20

25

30

35

40

45

50

55

60

65

14

the processing umt reduces the power consumption to

power supplied from other power supply units other than

the faulty power supply unit during an input of the power
reduction signal.

9. An information processing system comprising:

a power supply apparatus including a plurality of power

supply units that supply power; and

a processing apparatus operated using power supplied

from each of the plurality of power supply units of the

power supply apparatus,

wherein each of the power supply units includes:

a voltage conversion circuit that converts input voltage
into output voltage within a predetermined voltage
range:;

an output capacitor that outputs supply power while
accumulating charges according to the voltage con-
verted by the voltage conversion circuit; and

an overload detection circuit that detects an overload of
the output capacitor and when the overload 1s
detected, notifies the processing apparatus of an over-
load signal requesting a suppression of power con-
sumption of a load,

the processing apparatus icludes:

a processing unit; and

a power control circuit,

wherein the processing unit 1s operated using power sup-

plied from each of the plurality of power supply units,

the power control circuit performs time measurement of a

predetermined period when the overload signal 1s noti-

fied from at least one power supply unit,

the power control circuit sends a power reduction signal

istructing a suppression of power consumption of the

load to the processing unit during an expiration of the
time measurement of the predetermined period aiter the
overload signal 1s notified, and

the overload detection circuit notifies the processing appa-

ratus o the overload signal while output current inputted
from the processing apparatus to the overload detection
circuit exceeds a predetermined threshold value, the out-
put current being return current from the processing
apparatus to at least one of the plurality of power supply
units.

10. The information processing system according to claim
9, wherein the predetermined period 1s determined according
to characteristics of the output capacitor.

11. The information processing system according to claim
9, wherein when the power reduction signal 1s sent,

the power reduction signal 1s continuously sent to the pro-

cessing unit during the expiration of the time measure-

ment of the predetermined period after the overload
signal 1s notified, and

the processing unit suppresses power consumption of the

load during an 1nput of the power reduction signal.

12. The information processing system according to claim
9, wherein the power supply apparatus imncludes N (N 1s an
integer of 2 or more) power supply units,

the power reduction signal 1s a signal instructing a suppres-

s1ion of power consumption of the load, an amount of the

suppression corresponding to the power supplied from a

faulty power supply unit to the processing unit, and

the processing unit reduces the power consumption of the

load to power supplied from N-1 power supply units

other than the faulty power supply unit during an input of
the power reduction signal.

13. The information processing system according to claim
12, wherein each of the power supply units further includes:
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a fault detection circuit that detects a fault of the power
supply unit and when the fault 1s detected, notifies the

processing apparatus of a fault signal indicating that the

fault of the power supply unit occurs; and
the processing unit determines suppressed power con- 3
sumption of the load based on information on the power

supply unit notifying the fault signal.
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